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J8 - 
group 



tion bearing said novel group can be further 
represented by the following structural 
20 formulas; 



R s 




in which R 3 is hydrogen or methyl; and 
R« is hydrogen, hydrocarbon carboxylic 

acyl of less than twelve carbon atoms, or 

alkyl of one to eight carbon atoms. 
Thus included within the scope of the 

novel compounds of the present invention are 

the following: 



30 



35 



(A) 
(B) 



17/? - (tetrahydropyran - 

4 - en - 3 - one; 
17/3 - (tetrahydropyran 

androst - 4 - en - 3 - 
la - methyl - 17/2 - 

4 - yloxy) - estr - 4 - 
7/3 - methyl - 17/5 - 

4 - yloxy) - estr - 

one; 

la - methyl - 17/3 - 
4 - yloxy) - androst 
one; 

lp - methyl - 17/? - 
4 - yloxy) - androst 
one; 

and the corresponding 18 
ethyl compounds thereof; 



4 - yloxy) - cstr- 



. 4 - yloxy)- 40 
one; 

(tetrahydropyran- 

en - 3 - one; 
(tetrahydropyran- 

4 - en - 3 - 45 

(tetrahydropyran- 

- 4 - en - 3 - 

(tetrahydropyran- 50 

- 4 - en - 3 - 

- methyl and 18- 
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(54) NOVEL 17AKTETRAHYDROPYRAN-4-YLOXY) STEROIDS 



(71) We, SYNTEX CORPORATION, 
a Panamanian Corporation of Apartado 
Postal 7386, Panama, Panama, do hereby 
declare the invention, for which we pray that 

5 a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement: — 

The present invention relates to novel 

10 steroid ethers. More particularly, the present 
invention is related to steroid ethers _ of the 
androstane and estrane series in which the 
novel tctrahydropyran - 4 - yloxy ether 
grouping is attached at the C-17/J position 

15 and can be depicted by the following formula: 




The novel compounds of the present inven- 
tion bearing said novel group can be further 
represented by the following structural 
20 formulas: 





(Q 

In the above and suceeding formulas: 
R l is hydrogen or methyl; 25 
R- is hydrogen, methyl, or ethyl; 
R 3 is hydrogen, « - methyl, or ft - 

methyl ; 

R 4 is hydroxymcthylene or the group 
H 

R 5 . . . ' 30 

in which R* is hydrogen or methyl; and 
R 6 is hydrogen, hydrocarbon carboxylic 

acyl of less than twelve carbon atoms, or 

alkyl of one to eight carbon atoms. 
Thus included within the scope of the 35 

novel compounds of the present invention arc 

the following: 

17/5 - (tetrahydropyran - 4 - yloxy) - estr- 

4 - en - 3 - one; 
17/? - (tetrahydropyran - 4 - yloxy)- 40 

androst - 4 - en - 3 - one; 
7ct - methyl - 17/? - (tetrahydropyran- 

4 - yloxy) - estr - 4 - en - 3 - one; 
7p - methyl - 17/? - (tctrahydropyran- 

4 - yloxy) - estr - 4 - en - 3 - 45 

one; 

la - methyl - 17,/? - (tetrahydropyran- 
4 - yloxy) - androst - 4 - en - 3 - 
one; 

7p - methyl - 178 - (tetrahydropyran- 50 
4 - yloxy) - androst - 4 - en - 3 - 
one; 

and the corresponding 18 - methyl and 18- 
cthyl compounds thereof; 
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17/? - (tctrahydropyran - 4 - yloxy)- 

5tr - cstran - 3 - one; 
17/? - (tctrahydropyran - 4 - yloxy)- 

5or - androstan - 3 - one; 
5 7« - methyl - 17 ft - (tetrahydropyran- 

4 - yloxy) - 5« - estran - 3 - one; 
75 -"methyl - 17/3 - (tetrahydropyran- 

4 - yloxy) - 5« - estran - 3 - one; 
7a - 'methyl - 17/? - (tctrahydropyran- 
10 4 - yloxy) - 5 a - androstan - 3 - one; 
7;-l - methyl - 17/? - (tetrahydropyran- 

4 - yloxy) - 5tt - androstan - 3 - 

one; 

and the corresponding IS - methyl and IS- 
IS ethyl compounds thereof; 

2et - methyl - 17 ft - (tetrahydropyran- 

4 - yloxy) - 5a - cstran - 3 - one; 
let - methyl - 17/? - (tetrahydropyran- 
4 - yloxy) - 5a* - androstan - 3 - one; 
20 2 - hydroxymethylenc - 17'? - (tetrahydro- 
pyran - 4 - yloxy) - 5« - cstran - 3 - 
one; 

2 - hydroxymethylenc - 17£ - (tctrahydro- 
pyran - 4 - yloxy) - 5(t - androstan - 3 - 

25 one; 

and the corresponding 7a* - methyl, 7ft - 
mcthvl, 18 - methvl, IS - ethvl, 7^18 - 
dimethyl, 7« - methyl - IS - ethyl, 7/iMS - 
dimethyl, and 7/? - methyl - IS - ethyl 
30 compounds thereof; 

17/? - (tetrahvdropvran - 4 - yloxy)- 
cstra - 1,3,5(10^ -"trien - 3 - ol; 

3 - methoxv - 17/? - (tetrahvdropyran- 
4 - vloxy) - cstra - 1,3,5(10) - tricne; 

35 3 - aeetoxy - 17ft - ftetrahvdropyran- 
4 - yloxy) - cstra - 1,3,5(10) - tricne; 
3 - benzoyloxy - 17/? - ftetrahydropyran- 
4 - yloxy) - cstra - 1,3,5(10) - triene; 
and the 18 - methyl and IS - ethyl com- 

40 pounds thereof. 

Particularly valuable compounds hereof are 
17/? - (tctrahydropyran - 4 - yloxy"; - androst- 
4 - en - 3 - one, 17/? - (tetrahydropyran- 
4 - yloxy) - 5tv - androstan - 3 - one, and 

45 176 - (tetrahvdropvran - 4 - vloxv; - cstra- 
1,3,5(10) - trien - 3 - ol. 

The compounds of the present invention 
of formulas (A) and (B) exhibit high anabolic 
and androgenic activity and arc thus useful 

50 for those purposes for which such activity 
is indicated, for example, in treatment to 
enhance weight gain and in the treatment 
of debilitated patients, particularly rhose 
recovering in post-operative care. Thcv can 

55 also be used in the treatment of male climac- 
teric and dismenorrhca in the female. The 
compounds of the present invention of 
Formula (C) exhibit high oral estrogenic and 
antifertilitv activity and are useful for the 

60 purposes for which such activity is indicated 
for example, in the treatment of perimcno- 
pausal conditions and the control and regula- 
tion of fertility. These compounds can be 
employed in the same manner as steroid 

65 compounds having similar activity, such as 



oxymctholonc, norethandrolonc, dromostano- 
lone, testosterone propionate, mcstranol, 
estradiol and conjugated estrogens, and pro- 
vide the benefits and advantages of oral 
administration because of their high oral activi- 70 
tics. The present invention includes pharma- 
ceutical compositions comprising compounds 
of Formulae A, B and C in suitable excipi- 
ents. 

The prior art has reported certain related 75 
steroid ethers including 17 ft - (tctrahydro- 
pyran - 2 - yloxy) - androst - 4 - en - 3 - 
one, 17£ - (tetrahydropyran - 2 - yloxy)- 
5a - androstan - 3 - one, and 17/? - (tctra- 
hydropyran - 2 - yloxy) - cstra - 1,3,5(10)- 80 
trien - 3 - ol. 

Now it has been discovered that the com- 
pounds of the present invention possess unex- 
pected and unobvious anabolic and androgenic 
and estrogenic and anti-fertility activity which 85 
is superior to that exhibited by compounds of 
the closest prior art. Thus, standard tests were 
conducted for anabolic/androgcnic activity 
which are modifications of the basic methods 
described bv Hershberger et al., Proc. Soc. 90 
Expt. Biol." Med. 83, 175 (1953) and by 
Dorfman, Methods in Hormone Research, 
Academy Press, N.Y. (1962), p. 306 of Vol. 
II. These tests demonstrated that 17£ - 
(tetrahydropyran - 4 - yloxy) - androst- 95 
4 - en - 3 - one has equal to or greater 
than three times the androgenic activity of 
172 - (tetrahvdropvran - 2 - yloxy) - androst- 
4 - en - 3 - one. This is of particular import- 
ance when treatment requiring high androgenic 100 
activity is indicated. Similarly, these tests 
demonstrated that 173 - (tctrahydropyran- 
4 - yloxy) - 5-.t - androstan - 3 - one has 
greater than four times the analobic activity 
and two times the androgenic activity of 17/2- 105 
(tetrahydropyran - 2 - yloxy) - 5a - andro- 
stan - 3 - one. This is significant when treat- 
ment requiring cither or both anabolic and 
androgenic activity is/are indicated. 

Standard tests were conducted for estro- 110 
genie and anti-fertility activity. These tests 
demonstrated that 17'> - (tctrahydropyran- 
4 - yloxy) - cstra - 1,3,5(10) - trien - 3 - 
ol has about two times the oral estrogenic 
activity of, at least four times the prolonged 115 
oral estrogenic activity of, and up to four 
times the oral anti-fertility activity of 17'? - 
f tetrahydropyran - 2 - yloxy) - cstra - 1,3, 
5(10; - trien - 3 - ol. This is significant when 
treatment requiring high or prolonged estro- 120 
genie and anti-fertility activity is indicated. 

The compounds of the present invention 
have thus been shown to be unexpectedly bio- 
logically superior to the compounds of the 
prior art because they possess androgenic 125 
and/or anabolic or estrogenic and/or ami- 
fertility activity far in excess of that which 
could be predicted. 

In addition, it has been surprisingly dis- 
covered that the compounds of the present 130 
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invention, in contrast to the ethers of the 
prior ait, arc stable to hydrolysis conditions 
such as those which are encountered in the 
animal stomach. The suitability for oral 
5 administrations of the compounds is thus 
enhanced. 

The compounds of the present invention are 
prepared directly by treating the correspond- 
ing 176 - hydroxy starting compound with 

10 a 4 - halotetrahydrcpyran^in organic liquid 
reaction media, such as benzene, glyme, and 
dimeihylformamide at a temperature of from 
abcut 50°C to about the reflux temperature of 
the solvent and with the use of a suitable 

15 base, such as sodium or lithium hydride or 
silver oxide. 

Alternatively, 3 - keto - A* - 17 ft - ol 
starting compounds are treated with 4 - meth- 
oxy - 5,6 - dihydro - 2H - pyran in the 

20 presence of acid to give the corresponding 
17.3 - (4 - mcchoxy - tetrahydropyran - 4 - 
yloxy) compounds. These are then treated 
with an acid anhydride or acid chloride in 
the presence of sodium methexide in dimethyl 

25 sulfoxide. The resultant 3 - acyloxy - A' 1 - 5 
compounds are then reduced such as with 
sodium borohydride to give the correspond- 
ing 3/> - hydroxy - A" compounds. These com- 
pounds arc then treated with lithium alumi- 

30 nium hydride/aluminium chloride to give the 
corresponding 3/? - hydroxy - 17/? - (tetra- 
hydropyran - 4 - yloxy) - A' compounds. 
These compounds are then converted to the 
corresponding 3 - keto - A * compounds hereof 

35 under Oppenauer conditions, and the 3 - 
keto - A 1 compounds are converted, if desired, 
to the corresponding 5<r compounds hereof 
under Birch conditions. The A" - 3/? - ols 
are converted to the corresponding 5:\ com- 

40 pounds by palladium-on-charcoal hydroge na- 
tion, followed by oxidation, for example with 
chromic acid, to give the corresponding 3 - 
keto - 5rv compounds. The corresponding 2 - 
hydroxy - methylene - 3 - keto - j a- ccm- 

45 pounds (prepared by treating the 3 - kero- 
5a compounds with ethyl formate in a base; 
arc hydrogenated to prepare the corresponding 
2a - methyl - 3 - keto - 5t* compounds. 
An alternative procedure for producing the 

50 3'? - hydroxy - 17/? - (tctrahydropyran- 
4 - yloxy) - A 5 compounds comprises firstly 
treating 30 - acyioxy - A 5 - 17£ - ol starting 
compounds with 4 - methoxy - 5,6 - dihydro- 
211 - pyran in the presence of acid to give 

55 the corresponding 17,0 - (4 - mcthoxytetra- 
hydropyran - 4 - yloxy) compounds, followed 
bv treatment wuh lithium aluminium hydride/ 
aluminium chloride to give the corresponding 
3/? - hydroxy - 17.S - (tetrahydropyran - 4 - 

60 yloxy) - A** compounds. A similar procedure 
can be employed to produce the 17/3 - (tetra- 
hydropyran - 4 - yloxy) - estra - 1,3,5(10)- 
trien - 3/? - ols of the present invention from 
the corresponding 3? - acvloxvcstra - 1,3,5 

65 (10*; - trien - 17 R - ols. 



An alternative procedure for obtaining the 
3/? - hydroxy - 5u intermediate compounds 
starts with the corresponding 3/? - acyloxy- 
A 5 - 17 - one compounds. These are hydro- 
genated, for example with palladium-cn-char- 70 
coal to give the corresponding 5c: compounds 
which are then reduced, for example with 
sodium borohydride, to give the correspond- 
ing 170 - ols. These arc then treated with 
4 - methoxy - 5,6 - dihydro - 2H - pyran 75 
in the presence of acid to give the corres- 
ponding \78 - (4 - methoxy - tetrahydro- 
pyran - 4 - yloxy) compounds, which are 
in turn hydrolysed to the corresponding 3/?- 
o!s and then treated with aluminium chloride/ 80 
lithium aluminium hydride to give the corres- 
ponding lp - hydroxy - 17/3 - f tetrahydro- 
pyran - 4 - yloxy) - 5s? compounds. 

In the Ring A aromatic scries, the lithium 
aluminium hydride/aluminium chloride or 4- 85 
halotetrahydropyran reactions are preferably 
conducted on the 3 - aikoxy ether starting 
compounds or the 3 - hydroxy starting com- 
pounds followed by conventional esterifka- 
uon of the latter, if desired. If the reactions 90 
arc conducted on a 3 - acyloxy sterling com- 
pound, this group will be cleaved in 
course of the reactions. 

The starting compounds of the present 
invention can be selected from the esrrane 95 
(R l =H) of androstanc (R T = methyl) series. 
The starting compounds can further be of the 
normal (R- = H) or C-1S substituted (R 2 = 
methyl or ethyl) series. Similarly, the starting 
compounds of the present invention can bear 100 
a 7a - methyl or 7/? - methyl group (R'). 
If desired, 2« - methyl - 3 - keto - 5:v - 
estrane and androstanc compounds can be 
employed as starting materials with introduc- 
tion of the C-17/7 novel ether grouping herein 105 
conducted as described above. 

By the term "alkyl" is meant a monovalent 
aliphatic saturated hydrocarbon group of one 
to eight carbon atoms, i.e., methyl, ethyl, 
n - propyl, isoprcpyl, n - butyl, isobutyl, sec- 1 10 
butyl, t - butyl, n - pentyl, iscpentyi,* hexyl, 
heptyl, octyl, and the various isomers thereof. 
By the term "hydrocarbon carboxylic acyl" 
is meant nn acyl group of less than 12 carbon 
atoms and derived from a substituted or unsub- 115 
stituted (hydrocarbon) carboxylic acid. These 
acids can be completely saturated or possess 
varying degrees of unsaturaticn (including 
aromatic), can be of straight chain, branched 
chain, or cyclic structure. In addition, they 120 
can be substituted by functional groups, for 
example, hydroxy, aikoxy containing up to 
six carbon atoms, acyloxy, nitro, amino, and 
halogcno, attached to the hydrocarbon back- 
bone chain. Typical acyl groups include acetyl, 125 
propionyl, butyryl, trimcthylacctyl, valery!, 
mcthylethylacetyl, caproyl, t - butylacety!, 
dccanoyl, undecanoyl, benzoyl, phenylacctyl, 
diphcnylacctyl, cyclopentylpropionyl, mcthoxy- 
aectyl, aminoacctvl, diethvlaniinoacctvl, tri- 130 
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chloroacetyl, /3 - chloropropionyl and adaman- 
ts' 1 * 

The following examples further illustrate 
the method by which the present inv .-rion 
5 can be practiced. 

Example 1 

Ten g. of 3p - acetoxyandrost - 5 - en- 
17/i - el in 150 ml. of ether and 150 mg. 
of p - tolucnesulfonic acid (dried by azeo- 
10 tropic distillation from benzene) are mixed 
together and the reaction mixture is treated 
with 4 - mcthoxy - 5,6 - dihydro - -H - 
pyran, 1 ml. at a time until reaction is com- 
plete .'followed by tic). The reaction is 
15 quenched bv addition of 0.5 ml. of tn- 
cthvlaminc, and the reaction mixture is washed 
with water. Careful crystallization from meth- 
anol containing pyridine then gives 3/3 - 
acetoxv of 17/3 - (4 - methoxytetrahydro- 
20 pvran*- 4 - yloxy) - androst - 5 - ene 

A solution of 14 g. of aluminium chloride 
in 250 ml. drv ether is treated with a solu- 
tion of 4 g. of lithium aluminium hydride 
in 100 ml. of ether. 3/3 - Acctoxy - 17/> - 
25 (4 - methoxytetrahydropyran - 4 - yloxv)- 
androst - 5 - enc (1.5 g.) is added to the solu- 
tion. An additional 7 g. of the steroid is 
added to the lithium aluminium hydride solu- 
tion. After reduction is complete (monitored 
30 bv tic), saturated aqueous sodium chloride 
solution is added until a precipitate forms. 
This is filtered and the crude product purified 
bv a chromatography on silica gel to yield 
17/3 - ftctrahvdropvran - 4 - yloxy) - androst- 



35 5 - en - 3/: 



ol 



Two hundred mg. of 17/3 - (tctrahvdro- 
pvran - 4 - yloxy) - androst - 5 - en - 3/3 - 
ol in 25 ml. of toluene containing 1 ml. or 
cvclohcxanonc is distilled briefly to remove 
40 moisture. Freshly distilled aluminium lsopro- 
poxide (200 mg.) is added and the mixture is 
refluxed for IS hours. The product is isolated 
bv steam distillation, extraction and chromato- 
graphy to yield 17/3 - (tetrahydropyran - 4 - 
45 yloxy; - androst - 4 - en - 3 - one. 

Example 2 

Ten g. of androst - 4 - en - 17/3 - ol- 

3 - one in 150 ml. of ether and 150 mg. of p- 
tolucne sulfonic acid (dried by azcotropic 

50 distillation from benzene) arc mixed together 
and the reaction mixture is treated with 4- 
methoxv - 5,6 - dihydro - 2H - pyran, 1 
ml. at a time until reaction is complete (fol- 
lowed bv tlcV The reaction is quenched by 

55 addition* of 0.5 ml- of triethylaminc and the 
reaction mixture is washed with water. Care- 
ful crystallization from methanol containing 
pyridine then gives 17/3 - (4 - methoxytetra- 
hydropyran - 4 - yloxy) - androst - 4 - cn- 

60 3' - one. " 

The 17/3 - (4 - methoxytctrahydropyran- 

4 - vloxv}' - androst - 2 - en - 3 - one (2 g.) 
is dissolved in 20 ml. of dry dimethyl sul- 



foxide and the solution is heated with one 
molar equivalent of sodium methoxide under 65 
nitrogen at 5 to 10°C. After 20 minutes, 
there is added one molar equivalent of acetic 
anhydride or acetyl chloride. After one hour 
saturated brine is added and the precipitate 
of 3 - acetoxy - 17/3 - (4 - methoxytctra- 70 . 
hydropyran - 4 - yloxy) - androsta - 3,5 - diene 
is collected, washed with water and carefully 
dried. 

Alternatively, 17/3 - (4 - methoxytctra- 
hydropyran - 4 - yloxy) - androst - 4 - en- 75 
3 - one (2 g.) is dissolved in tetrahydro- 
furan (25 ml.) containing 1.2 equivalents of 
pure potassium t - butoxide. After 20 minutes 
there is added one molar equivalent of acetic 
anhydride or acetvl chloride (neat or dis- 80 
solved in 10 ml. of tetrahydropyran). After 
one hour, saturated brine (250 ml.) is added 
and the 3 - acctoxy - 17/3 - (4 - meth- 
oxvtetrahvdropvran - 4 - yloxy) - androsta- 
3,5 - diene is isolated by extraction with ethyl 8t> 

Twenty g. of 3 - acetoxy - 17/3 - (4 - 
methoxnetrahydropyran - 4 - yloxy) - 
androua - 3,5 - diene in 150 ml. of dioxane 
is reduced by the addition of sodium boro- 90 
hydride in aqueous dioxane until the reaction 
is complete. The mixture is poured onto a 
little dilute hydrogen chloride and ice, ft - 
tercd, washed to neutral, dried, and recrystal- 
lized from methanol to yield 17/3 - (4 - 9:> 
methoxytetrahydropyran - 4 - yloxy) - androst- 
5 - en - 3/3 - ol. . . 

A solution of 14 g. of aluminium chloride 
in 250 ml. of drv ether is treated with a 
solution of 4 g. of lithium aluminium hydride 100 
in 100 ml. of ether. 17/3 - (4 - Methoxy- 
tetrahydropyran - 4 - yloxy) - androst - 5 - 
en - 3/3 - ol (1.5 g.) is added to the solution. 
An additional' 7 g. of the steroid is added to 
the lithium aluminium hydride solution. After 105 
reduction is complete (monitored by tic), 
saturated aqueous sodium chloride solution is 
added until a precipitate forms. This is fil- 
tered and the crude product purified by 
chromatography on silica gel to yield 17£ - 110 
(tetrahydropyran - 4 - yloxy) - androst- 
5 - en - 3/3 - ol. 

Two hundred mg. of 17/3 - (tetrahydro- 
pyran - 4 - yloxy) - androst - 5 > - cn - 3/3 - 
ol in 25 ml. of toluene containing 1 ml. ot 115 
cvclohexanone is distilled briefly to remove 
moisture. Freshlv distilled aluminium lsopro- 
poxide (200 mg.) is added and the mixture is 
refluxed for 18 hours. The product is isolated 
by steam distillation, extraction and chromato- 120 
graphy to vield 17/3 - (tetrahydropyran - 4 - 
vloxv) - androst - 4 - en - 3 - one. 

The other 3 - keto compounds of the pre- 
sent invention bearing a novel 17/3 - (tetra- 
hydropvran - 4 - vloxy) ether grouping can be 125 
prepared from the corresponding starting 
materials. Thus, for example, there are pre- 
pared : 



5 



1,338,547 



5 



17/? - (tetrahydropyran - 4 - yloxy) - estr- 

4 - en - 3 - one, 
7a - methyl - UP - .(tetrahydropyran- 

4 - yloxy) - estr - 4 - en - 3 - 
5 one, 

78 - methyl - Up - (tetrahydropyran- 

4 - yloxy) estr - 4 - en - 3 - one, 
lec - methyl - 17/? - (tetrahydropyran- 

4 - yloxy) - androst - 4 - en - 3 - 
10 one, 

7/3 - methyl - 17/? - (tetrahydropyran- 

4 - yloxy) - androst - 4 - en - 3 - 

one, 

lift - (tetrahydropyran - 4 - yloxy) - 18 - 
15 methylestr - 4 - en - 3 - one, 

Up - (tetrahydropyran - 4 - yloxy) - 18 - 

methylandrost - 4 - en - 3 - one, 
7<v - methyl - 17/? - (tetrahydropyran- 

4 - yloxy) - 18 - methyl - androst - 4 - 
20 en - 3 - one, 

7 a - methyl - 17/? - (tetrahydropyran- 

4 - yloxy) - 18 - methyl - ester - 4 - 

en - 3 - one, 

78 - methyl « 17/? - (tetrahydropyran- 
25 4 - yloxy) - IS - methyl - ester - 4 - 
en - 3 - one, and 

7p - methyl - 17/? - (tetrahydropyran- 
4 - yloxy) - 18 - methyl - androst - 4 - 
en - 3 - one. 



30 Example 3 

To a solution of 1 g. of 17/? - (tetra- 
hydropyran - 4 - yloxy) - androst - 4 - en- 
3 - one in 75 ml. of tetrahydrofuran and 125 
ml. of liquid ammonia is added over a 20- 

35 minute period 0.27 g. of lithium. The mix- 
ture is refluxed with stirring for 2-1/2 hours 
and its color then discharged by the care- 
ful addition of ethanol. The resulting solu- 
tion is allowed to stand at room temperature 

40 until the ammonia has evaporated and the 
residue is next shaken with 100 ml. of 1 : 1 
water: methylene chloride. The aqueous layer 
is separated and extracted with methylene 
chloride and the combined extracts and organic 

45 layer are dried over magnesium sulfate and 
evaporated. This residue is dissolved in 100 
ml. of 5 : 9 methylene chloride : acetone and 
triturated with SN chromic acid, maintaining 
a temperature of 25 °C. Thirteen milliliters 

50 of water are then added with gentle shaking 
and the aqueous phase is separated and extrac- 
ted with methylene chloride. The combined 
extracts and organic layer are dried over mag- 
nesium sulfate and evaporated to dryness to 

55 yield Up - (tetrahydropyran - 4 yloxy)- 
5a - androstan - 3 - one which may be 
further purified through recrystallization from 
ether :hcxane. 

In a similar manner, the compounds pre- 
60 pared as described in Examples 1 and 2 above 
are thus treated to prepare the corresponding 
3 - keto - 5a - compounds: 



Up - (tetrahydropyran - 4 - yloxy)- 

5a - estran - 3 - one, 
7« - methyl - 17/? - (tetrahydropyran- 65 

4 - yloxy) - 5<x - estran - 3 - one, 
7p - methyl - Up - (tetrahydropyran- 

4 - yloxy) - 5a - estran - 3 - one, 
7a - methyl - 17/? - (tetrahydropyran- 

4 - yloxy) - 5a- - androstan - 3 - 70 

one, 

7p - methyl - Up - (tetrahydropyran- 
4 - yloxy) 5a - androstan - 3 - 
one, 

Up - (tetrahydropyran - 4 - yloxy)- 75 
18 - methyl - 5 a - estran - 3 - 
one, 

17/? - (tetrahydropyran - 4 - yloxy)- 
18 - methyl - 5a - androstan - 3 - 
one, 80 

7a - methyl - 17/? - (tctrahydropyran- 
4 - yloxy) - 18 - methyl - 5« - andro- 
stan - 3 - one, 

7 a - methyl - 17/? - (tetrahydropyran- 
4 - yloxy) - 18 - methyl - 5a - estran- 85 

3 - one, 

7/? - methyl - Up - (tetrahydropyran- 

4 - yloxy) - 18 - methyl - 5a - cstran- 

3 - one, and 

78 - methyl - Up - (tetrahydropyran- 90 

4 - yloxy) - IS - methyl - 5 a - andro- 
stan - 3 - one. 

Example 4 

To a stirred solution of 3 g. of 17/2 - (tetra- 
hydropyran - 4 - yloxy) - 5a - androstan- 95 
5 - one in 60 ml. of anhydrous benzene is 
added, with cooling and under nitrogen, a sus- 
pension of 3 ml. of ethyl formate and 1.3 g. 
of sodium hydride in mineral oil. The mixture 
is stirred at room temperature for 24 hours 100 
and hexane is then added until complete 
precipitation occurs. The solid which forms 
is collected, dried under vacuum and sus- 
pended in aqueous hydrochloric acid. This 
suspension is stirred at room temperature for 105 
half an hour and then filtered. The solid 
thus collected is washed with water and dried 
to yield 2 - hydroxymethylene - 173 - (tetra- 
hydropyran - 4 - yloxy) - 5a - androstan- 
3 - one which is rccrystallized from methylene 110 
chloride : hexane. 

In a similar manner, the corresponding 2- 
hydroxy - methylene compounds of the other 
compounds prepared as set forth in Example 
3 can be prepared, for example, 115 

2 - hydroxymethylene - 17/? - (tetrahydro- 
pyran - 4 - yloxy) - 5« - estran - 3 - 
one, 

2 - hydroxymethylene - 7a - methyl - 170- 

(tetrahydropyran - 4 - yloxy) - 5a - 120 

estran - 3 - one, 
2 - hydroxymethylene - 7/3 - methyl - 170- 

(tetrahydropyran - 4 - yloxy) - 5a - 

estran - 3 - one, 
2 - hydroxymethylene - 7a - methyl - 17/3- 125 
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Ctctrahydropyran - 4 - yloxy; - 5a - 
androstan - 3 - one, 
2 - hydroxymethyicnc - 73 - methyl - 17/?- 
(tetxahydropyran - 4 - yloxy) - 5a - 
5 androstan - 3 - one, 

2 - hvdroxvmeihylene - 17/? - (tetrahydro- 
pyran - 4 - yloxy) - IS - methyl - 5a - 
estran - 3 - one, 
2 - hvdroxvraeshvlcne - 17/? - (tctrahydro- 
10 pyran - 4 - yloxy) - 18 - methyl - 5a - 
androstan - 3 - one, 
2 - hvdroxymethylcnc - 7« - methyl - 1//?- 
(tctrahvdropyran - 4 - yloxy) - IS - 
methvl - 5a - androstan - 3 - one, 
15 2 - hvdroxymethylcne - la - methyl - 17/?- 
(tctrahvdropyran - 4 - yloxy) - IS - 
methvl - 5 a - estran - 3 - one, 
2 - hvdroxymethyiene - 73 - methyl - 17/?- 
(tetrahvdropyran - 4 - yloxy) - 18 - 
20 methvl - 5a - estran - 3 - one, and 

2 - hvdroxymerhylene - 73 - methyl - 17/?- 
( tctrahydropyran - 4 - yloxy) - 18 - 
methvl - 5a - androstan - 3 - one. 



Example 5 

25 A mixture of 5 g. of 17/3 - (tetrahydro- 
pyran - 4 - vloxv) - 5a - androstan - 3 - one 
in 400 ml. of anhvdrous thiophene-free ben- 
zene, 2 ml. of ethyl formate and 1.5 g. of 
sodium hvdride is stirred for eight hours 

30 un der nitrosen. The solid which forms is col- 
lected bv filtration, washed with benzene and 
then hexane and dried in vacuo. This material 
is then cautiouslv added in portions to excess 
ice-cold dilute hydrochloric acid with stir- 

35 rins. The solid which forms is collected bv 
filtration, washed with water and air dried. 
One gram of the product in 15 ml. of meth- 
anol is hvdrogenated with 0.4 g. of prehydro- 
gennted 10% palladium carbon catalyst at 

40 25" C atmospheric pressure until two moles of 
hvdrosen arc absorbed. The mixture is then 
filtered, the catalvst is washed with hot meth- 
anol and the combined solutions are evapor- 
ated to drvness to vicld 2a - methyl - 17/?- 

45 'tetrahydropyran - 4 - yloxy) - 5a - andro- 
stan - 3 - one. 

In a similar manner, the compounds prc- 
narcd as described in Example 3 above can 
be converted to the corresponding 2a - 

50 methyl compounds, for example, 

2a - methyl - 173 - tetrahydropyran - 4 - 
vloxvl - 5a - estran - 3 - one, 

2i/,7« *- dimethvl - 173 - f tctrahydro- 
pyran - 4 - yloxy) - 5a - estran - 3 - 
55 one, ' 

2,r,70 - dimethvl - 17/? - (tetrahydro- 
pyran - 4 - yloxy) - 5a - estran - 3 - 
one, , f 

2<v,7,r - dimethvl - 173 - (tctrahydro- 
60 pyran - 4 - yloxy) - 5a - androstan- 
3 - one. , , 

2„,7 /: : - dimethyl - 17/? - (tetrahydro- 



pyran - 4 - yloxy) - 5a - androbtan- 
3 - one, 

2a - methyl - 17/3 - (tctrahydropyran - 4 - 65 
yloxy) - IS - methyl - 5a - estran- 
3 - one, 

2a - methyl - 17/? - (tetrahydropyran - 4 - 
vloxy) - IS - methyl - 5a - androstan - 
3 - one, * 70 

2a J a - dimethvl - 17/3 - (tetrahydro- 
pyran - 4 - yloxy) - IS - methyl - 5«- 
androstan - 3 - one, 

2,r,7« - dimethvl - 173 - (tetrahydro- 
pyran - 4 - yloxy) - IS - methyl - 5« - 75 
estran - 3 - one, 

2«,70 - dimethyl - 17/? - (tetrahydro- 
pyran - 4 - yloxy) - 18 - methyl - 5a- 
estran - 3 - one, and 

2 t *,73 - dimethvl - 17/3 - (tetrahydro- 80 
pyran - 4 - yloxy) - IS - methyl - 5a- 
androstan - 3 - one. 

Example 6 

A solution of 3 g. of 2 - hydroxymcthylcne- 
17/? - (tetrahydropvran - 4 - yloxy) - 5«- 85 
androstan - 3 - one in 125 ml. of dioxane is 
hvdrogenated at 25°C/570 mm. with 0.5 g. 
of prc-hvdrogenatcd 10% palladium-on-char- 
coal Upon the consumption of the theoretical 
amount of hvdrogen, the solution is filtered 90 
and the filtrate evaporated to dryness under 
reduced pressure to yield 2a - methyl - 17o- 
(tetrahvdropyran - 4 - yloxy) - 5« - andro- 
stan -*3 - one which is rccrystalhzed from 

acetone. , * , . Ua 93 

In a similar manner, the products of the 
procedure of Example 4 above can be con- 
vened to the corresponding 2a - methyl com- 

P ° UndS - Example 7 100 

Ten g. of 3 - acetoxyestra - 1,3,5(10) - 
trien - 170 - ol in 150 ml. of ether and 
150 mg. of p - toluenesulfonic acid (dried by 
azcotropic distillation from benzene) are 
mixed together and the reaction mixture is 105 
treated with 4 - methoxy - 5,6 - dihydro- 
2H - pyran, 1 ml. at a time until reaction is 
complete (followed by tic). The reaction is 
quenched by addition of 0.5 ml. of tnethyl- 
amine, and the reaction mixture is washed 
with water. Careful crystallization from meth- 
anol containing pyridine then gives 3 - acet- 
oxy - 17/? - (4 - methoxytetrahydropyran- 
4- vloxv) - estra - 1,3,5(10 - trienc. 

A' solution of 14 g. of aluminium chloride 115 
in 250 ml. drv ether is treated with a solu- 
tion of 4 g. of lithium aluminium hydride in 
100 ml. of ether. 3 - Acetoxy - 170 - (4 - 
methoxv - tetrahydropyran - 4 - yloxy)- 
estra 1,3,5(10) - triene (1.5 g. is added 120 
to the solution. An additional 7 g. of steroid 
is added to the lithium aluminium hydride 
solution. After reduction is complete (moni- 
tored bv tic), saturated sodium chloride is 
added until a precipitate forms. This is fil- 125 
tercd and the crude product purified by 
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chromatography on silica gel to yield 17/3- 
(tctrahydropyran - 4 - yloxy) - estra - 1,3, 
5(10) - then - 3 - ol. 
Alternatively, a solution of 100 mg. of 

5 lithium aluminium hydride in ether is added 
to a solution of 1.2 g. of aluminium chloride 
in ether and cooled in ice. The resultant solu- 
tion is stirred at room temperature for one 
hour and then 200 mg. of 3 - acetoxy- 

10 17/3 - (4 - methoxytetrahydropyran - 4 - 
yloxy) - estra - 1,3,5(10) - triene are added. 
The solution is rerluxed for two hours (fol- 
lowed by tic). The solution is then chromato- 
graphed with ether: hexane to give 17/? - 

15 (tetrahydropyran - 4 - yloxy) - estra - 1,3,5 
(10) - trien - 3 - ol which can be recrystal- 
lizcd from methanol. 

In like manner 17/3 - (tctrahydropyran- 
4 - yloxy) - 18 - methyl - estra - 1,3,5(10)- 

20 tricn - 3 - ol, 3 - methoxy - 17/2 - (tetra- 
hydropyran - 4 - yloxy) - estra - 1,3,5(10)- 
triene, 3 - methoxy - 17/3 - tetrahydropyran- 
4 - yloxy) - IS - methyl - estra - 1,3,5(10)- 
triene, 3 - ethoxy - 175 - (tetrahydropyran- 

25 4 - yloxy) - estra - 1 ,3*5(10) - triene, and 
3 - ethoxy - 17/? - (tetrahydropyran - 4 - 
yloxy) - 18 - methyl - estra - 1,3)5(10) - 
triene is each prepared from the respective 
starting compound, the 3 - ol compound first 

30 mentioned being obtained as described above 
starting with the e.g. 3 - acetate compound. 



Example S 

A mixture of 2 g. of 17/? - (tetrahydro- 
pyran - 4 - yloxy) - estra - 1,3,5(10) - trien- 

35 3 - ol in S ml. of pyridine and 4 ml. of 
benzoyl chloride is heated at steam bath tem- 
perature for one hour. The mixture is then 
poured into ice water and the solid which 
forms is collected by filtration, washed with 

40 water and dried to yield 3 - bcnzoyloxy- 
17/? - (tetrahydropyran - 4 - yloxy) - estra- 
1,3j5(10) - triene which is further purified 
through recrystallization from methylene 
chloride : hexane. 

45 In like manner, 3 - acetoxy - 17/? - 
(tetrahydropyran - 4 - yloxy) - estra - 1,3, 
5(10) - triene is prepared using acetyl chloride. 
The other hydrocarbon carboxylic acyl com- 
pounds are also thus prepared, using the 

50 appropriate acyl chloride. Similarly, 3 - acet- 
oxy - 17/? - (tetrahydropyran - 4 - yloxy)- 
18 - methyl - estra - 1,3,5(10) - triene and 

3 - benzoyloxy - 175 - (tetrahvdropyran- 

4 - yloxy) - 18 - methylestra - 1,3,5(10) - 
55 triene are prepared. 

Example 9 

A suspension of 0.5 g. of 5% palladium- 
on carbon catalyst in 50 ml. of methanol is 
hydrogenated for 30 minutes. A solution of 
60 2 g. of 17/? - (tetrahydropyran - 4 - yloxy)- 
androst - 5 - en - 35 - ol in 200 ml. of 
methanol is added and hydrogenated with 



agitation until the uptake of hydrogen has 
ceased. The catalyst is removed by filtration 
and the solution evaporated to yield 175 - 65 
(tetrahydropyran - 4 - yloxy) - 5a - andro- 
stan - 3/? - ol which is recrystallized from 
methylene chloride : hexane for further puri- 
fication. 

To a stirred solution of 1 g. of 17/? - 70 
(tetrahydropyran - 4 - yloxy) - 5« - andro- 
stan - 3p - ol in 10 ml. of acetone, cooled to 
0°C, is added under nitrogen a solution of 
SN chromic acid (prepared by mixing 26 g. 
of chromium trioxide with 23 ml. of con- 75 
centrated sulfuric acid and diluting with water 
to 100 ml.) until the color of the reagent 
persists in the mixture. The mixture is then 
stirred for 5 minutes at 0 — 5°C and diluted 
with water. The solid which forms is col- 8C 
lected by filtration, washed with water and 
dried under vacuum to yield 175 - (tetra- 
hydropyran - 4 - yloxy) - 5<v - androstan - 3 - 
one which may be further purified by recry- 
stallization from acetone : hexane. 85 



Example 10 
A mixture of 1 g. of 5a - androstan- 
17.5 - ol - 3 - one and 5 g. of 4 - iodo- 
tetrahydropyran in 25 ml. of" benzene is dis- 
tilled under nitrogen to remove moisture. 90 
Three g. of silver carbonate are then added 
and the mixture refluxed for 3 hours. The 
mixture is then chromatographed (7 : 1 
hexane: ethyl acetate) over silica gel to give 
175 - (tetrahydropyran - 4 - yloxy) - 5« - 95 
androstan - 3 - one. 



Example 11 
Forty g. of 3/? - acetoxyandrost - 5 - 
en - 17 - one in 1.4 1. of ethanol is hydro- 
genated with 5 g. of 10% palladium-on-char- 100 
coal to yield 3/? - acetoxy - 5« - androstan- 
17 - one. 

35 - Acetoxy - 5a - androstan - 17 - 
one (25 g.) in 300 ml. of dioxane and 10% 
water is cooled to 0°C. Sodium borohydride 105 
(ca. 3 g.) is added. After the reduction is com- 
plete, the mixture is poured into water, ice 
and dilute hydrogen chloride. The resultant 
mixture is filtered and crystallized from ben- 
zene: hexane 3,5 - acetoxv - 5a - androstan- 110 
17/? - ol. 

3/? - Acetoxy - J« - 175 - ol (14 g.) is 
dispersed in 150 ml. of ether. P - toluene- 
sulfonic acid (100 mg.) in benzene (dried 
azcotropically) is added to the solution. 4 - 115 
Methoxy - 5,6 - dihydro - 2H - pyran is 
added 1 ml. at a lime over 6 hours. The 
mixture is quenched with triethylamine, and 
the reaction mixture is washed with water. 
Careful crystallization from methanol contain- 120 
ing pyridine then gives 3/? - acetoxy - 175- 
(4 - methoxytetrahydropyran - 4 - yloxy) 
5<i- - androstane. 



J 
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Ilvdrolvsis with potassium hydroxide in 
mcthanol'givcs 17/? - (4 - mcthoxytetrahydro- 
pyran - 4 - yloxy) - 5a - androstan - 3p - 
ol. This compound is treated with aluminium 

5 chloride: lithium aluminium hydride, as des- 
cribed above, to give 17/5 - (tetrahydropyran- 
4 - vloxv) - Sit - androstan - 3/? - ol which 
is oxidized (Jones), as described above, to 
give 17o - (tetrahydropyran - 4 - yloxy)- 

10 5a - androstan - 3 - one. 



Example 12 
A mixture of 2 grams of estra - 1,3,5 
(10) - trien - 3 - ol - 17 - one in 8 ml. 
of pvridine and 4 ml. of acetyl chloride is 

15 heated at steam bath temperatures for one 
hour. The mixture is then poured into ice 
water and the solid which forms is collected 
bv filtration, washed with water and dried 
to vicld 3 - acctoxyestra - 1,3,5(10) - trien- 

20 17'- one which is further purified through 
recrystallization from methylene chloride: 
hexane. 

A solution of 2 g. of 3 - acetoxyestra- 
1,3,5(10) - trien - 17 - one in 20 ml. of 

25 anhvdrous tetrahvdrofuran is cooled to —73 
in a drv icc-acctone bath and treated with a 
previously cooled solution of 0.6 g. of lithium 
tri - t - butoxy aluminium hydride in 20 
ml. of anhvdrous' tetrahvdrofuran. After main- 

30 taining the reaction mixture at reflux for 15 
minutes it is cooled and poured into ice 
water and extracted several times with ethyl 
acetate. These extracts arc washed with water 
to neutrality, dried over anhydrous sodium 

35 sulfate and* evaporated to dryness to yield 
3 - acetoxvestra - 1,3,5(10) - trien - 17/? - 

Similarly prepared are 3 - acetoxy - lb - 
methvlestra - 1,3,5(10) - trien - \7h - o and 
40 3 - acctoxv - IS - ethylestra - 13,5(10) - 
trien - 17/3 - ol. The thus-prepared com- 
pounds can then be used, as described in 
Example 7, to prepare compounds of the pre- 
sent invention. 




wherein 
R l is hydrogen or methyl; 
R 2 is hydrogen, methyl or ethyl; 
R s is hydrogen, a - methyl, or p - methyl; 
R 4 is hydroxymethylene or the group 

H 

i 

R 5 

in which R : * is hydrogen or methyl; and 
R 6 is hydrogen, hydrocarbon carboxylic 

acyl of less than twelve carbon atoms, or alkyl, 

of one to eight carbon atoms. 
2. A compound selected from those of 

Claim 1 of the formula: 



45 WHAT WE CLAIM IS: — 

1. A compound selected from the group of 
compounds represented by the following 
formulas : 




(A) 



wherein each of R ! , R-, and R" is as therein 65 
defined. - 

3. A compound selected from those of 
Claim 2 wherein R" is a - methyl. 

4. A compound selected from those of 
Claim 2 wherein R a is hydrogen. 70 

5. The compound selected from those of 
Claim 4 wherein each of R 1 and R 2 is hydro- 
gen; 17/? - (tetrahydropyran - 4 - yloxy}- 
estr - 4 - en - 3 - one. 

6. The compound selected from those of 75 
Claim 4 wherein R l is methyl and R : is 
hydrogen; 17£ - (tetrahydropyran - 4 - 
yloxy) - androst - 4 - en - 3 - one. 
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7. The compound selected from those of 
Claim 4 wherein R l is hydrogen and R- is 
methyl; 17/? - (tctrahydropyran - 4 - yloxy)- 
18 - mcthylestr - 4 - en - 3 - one. 

8. The compound selected from those of 
Claim 4 wherein each of R l and R- is 
methyl; 17ft - (tetrahydropyran - 4 - yloxy)- 
18 - methylandrost - 4 - en - 3 - one. 

9. A compound according to Claim 2 
wherein R l is methyl, R 2 is hydrogen, and 
R 3 is methyl. 

10. A compound selected from those of 
Claim 1 of the formula : 



20 



30 



35 




15 wherein each of R 1 , R-, R", and R 4 is as 
therein defined. 

11. A compound selected from those of 
Claim 10 wherein R a is hydrogen and R 4 
is the group 



H 



in which R 5 is hydrogen. 

12. The compound selected from those of 
Claim 11 wherein R l is methyl and R 2 is 
hydrogen; 17/? - (tetrahydropyran - 4 - 

25 yloxy) - 5a - androstan - 3 - one. 

13. The compound selected from those of 
Claim 1 1 wherein each of R l and R 3 is hydro- 
gen; 17/? - (tetrahydropyran - 4 - yloxy)- 
5« - estran - 3 - one. 

14. The compound selected from those of 
Claim 11 wherein R l is hydrogen and R- 
is methyl; 17/3 - (tetrahydropyran - 4 - 
yloxy) - 18 - methyl - 5a - estran - 3 - 
one. 

15. The compound selected from those of 
Claim 11 wherein each of R l and R- is 
methyl; 17£ - (tetrahydropyran - 4 - yloxy)- 
18 - methyl - 5a - androstan - 3 - one. 

16. The compound according to Claim 10 
40 wherein R 1 is methyl, R 2 is hydrogen, R 3 

is hydrogen and R 4 is the group 



H 



in which R :> is methyl; 2u- - methyl - 17/? - 
(tctrahydropyran - 4 - yloxy) - 5a - andro- 
stan - 3 - one. 45 

17. A compound according to Claim 10 
wherein R l is methyl, R 2 is hydrogen, R 1 
is methyl and R 1 is the group 



H 



R 3 

in which R 5 is hydrogen. 50 

18. A compound selected from those of 
Claim 1 of the formula: 




R 3 , 



wherein each of R 2 and R 6 is as therein 
defined. 

19. A compound selected from those of 
Claim 18 wherein R= is methyl. 

20. A compound selected from those of 
Claim 18 wherein R 2 is hydrogen. 

21. The compound selected from those of 
Claim 20 wherein R c is hydrogen; 17/? - 
(tetrahydropyran - 4 - yloxy) - cstra - 1,3, 
5(10) - trien - 3 - ol. 

22. The compound selected from those of 
Claim 20 wherein R° is acetyl; 3 - acetoxy- 
17/? - (tetrahydropyran - 4 - yloxy) - estra- 
1,3,5(10) - triene. 

23. The compound selected from those of 
Claim 20 wherein R 6 is benzoyl; 3 - ben- 
zoyloxy - 17/? - (tetrahydropyran - 4 - 
yloxy) - estra - 1,3,5(10) - triene. 

24. The compound selected from those of 
Claim 20 wherein R 6 is methyl; 3 - meth- 
oxy - 17 ft - (tetrahydropyran - 4 - yloxy )- 
estra - 1,3,5(10) - triene. 

25. A compound according to Claim 1, 
substantially as herein described and exempli- 
fied. 

26. A pharmaceutical composition compris- 
ing a compound of Claim 1 in a suitable 
pharmaceutical excipient. 

MEWBURN, ELLIS & CO., 
Chartered Patent Agents, 
70/72 Chancery Lane, 
London, WC2A IAD. 
Agents for the Applicants. 
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